Benzimidazoles by Reaction of Lactones and Thiolactones with o-Phenylene-diamines
By refluxing o-phenylene diamines and a-methyl-butyrolactone or y-thiol-butyrolactone in conc. HC1 2-(y-hydroxy-propyl) -or 2-(y-mercapto-propyl) -benzimidazoles are obtained. By further heat ing or by carrying out the reaction in an excess of the lactone in some cases selfalkylation of the benzimidazoles occurs. The reaction of some more lactones with diamines is described.
2-Alkyl-benzimidazoles are uncouplers of the photophosphorylation1. Furthermore 2-alkylbenzimidazoles with branched side chains -as e. g. 5-chloro-2-isopropyl-benzimidazole -show herbicidal properties 2. By the reaction of y-butyro-lactone with o-phenylene diamine 2-(/-hydroxy-propyl) -benzimidazoles have been prepared 3~5. We used this principle method for the preparation of some new benzimidazoles. Starting from a-methyl-butyro lactone 2-alkylbenzimidazoles with a branched side chain should be obtained.
In principle the reaction between the a-methyl-ybutyro-lactone and the diamines has been carried out by us under two different conditions, resulting, with some exceptions, in two different products, e.g.:
The structures of 1 and 2 were supported by microanalysis and IR-spectrum. The structure of 2 was also revealed by N.M.R. In this way 3, 4 and 6 were prepared. Only 5 could not be isolated by refluxing o-phenylene diamine in a-methyl-y-butyrolactone, but could be obtained by heating 3 up to 250°. Reflux of 4-chloro-o-phenylene diamine with 7 resp. 8 in HCl resulted in 9 resp. 10. Reaction of 7-thiobutyrolactone with 4-chloro-ophenylene-diamine or o-phenylene-diamine resulted both by reflux in HC1 and even better in the thiolactone itself in the benzimidazoles 12, or 13 re spectively.
Experim ental *
2-(a-Methyl, y-hydroxypropyl)-5,6-dichlorobenzimidazole (1) 10.6 g 4,5-dichloro-o-phenylene diamine was refluxed with 7.5 g a-methyl-y-butyrolactone in 100 ml HC1 conc. for 6 h. HC1 was distilled off in a rotating evaporator and the reaction product was crushed in a mortar under acetone. The undissolved part was filtered off and re crystallised from xylene. Yield 9.35 g (58.4%) of colourless plates, m.p. 210 -213 °C.
Analysis: CnH^CyVaO
Calc. C 51.0" H 4.6 N 10.8 Cl 27.4, Found C 51.7 H 4.7 N 11.1 Cl 27.5.
1,2-( y-Methyl-trimethylene) -5,6-dichloro-
benzimidazole (2) 5 g 4.5-dichloro-o-phenylene diamine was refluxed in 50 ml a-methyl-y-butyrolactone for 5.5 h. The tarry re action product was distilled in vacuo (0.1 mm) and the fraction 170 -190° isolated (1.0 g = 14.7%). Several times recrystallisation from n-heptane gave colourless prisms, m.p. 147 -149°.
Cn H10Cl2N2
Calc. C 54.8 H 4.2 N 11.6 Cl 29.4, Found C 54.7 H 4.1 N 11.7 Cl 29.7. 7.15 g 1 was refluxed for 8 h in 10 ml a-methyl-ybutyrolactone. From the reaction product the lactone is distilled off in a rotating evaporator. Recrystallisa tion of the crude product in n-heptane with use of de colourising carbon yielded 1.6 g of 2 (m.p. 147 -149°, further identification by IR-spectrum).
2-(a-Methyl, y-hydroxypropyl)-benzimidazole (3)
10.8 g o-phenylenediamine was refluxed with 12.0 g a-methyl-y-butyrolactone in 100 ml HC1 conc. for 3 h. HC1 was removed in a rotating evaporator. Some water was added and the solution was made alkaline with NH4OH. The solution was boiled and filtered. The pre cipitate was recrystallised several times from xylene affording 4.95 g colourless prisms, m.p. 190 -194°. From the hot solution 2.6 g o-phenylene diamine cry stallised after cooling. Identification by IR-spectrum and m.p. 99 -101° (lit. 102 -103°). Yield of 3 from 8.2 g o-phenylene diamine: 34.2 per cent.
Calc. C 69.5 H 7.4 N 14.7, Found C 68.8 H 7.7 N 14.7. 21.6 g o-phenylene diamine was refluxed for 7 h in 60 g a-methyl-y-butyrolactone. 23.1 g of raw product crystallised out of the cool reaction solution (m.p. 182 -196°). Recrystallisation from xylene gives a pro duct with m.p. 190 -194° and the same IR-spectrum as in the former case.
2-(a-methyl, y-hydroxypropyl)-5-chlorobenzimidazole (4) 14.25 g 4-chloro-o-phenylene diamine was refluxed with 12.0 g a-methyl-y-butyrolactone in 100 ml HC1 conc. for 6 h. HC1 was removed in a rotating evapora tor. Some H,0 was added and the solution was made alkaline with NH4OH. After extraction with ether, the ether was evaporated and the residue crystallised from toluene. Yield 18.5 g (82.5%). Recrystallisation from toluene after treatment of the solution with decolou rising carbon afforded 7.6 g colourless prims, m.p. Calc. C 63.9 H 5.3 N 13.6 Cl 17.2, Found C 64.2 H 5.5 N 13.4 Cl 17.2.
1.2-(2'-methylene-benzyl)-5-chloro-benzimidazole (9)
14.25 g 4-chloro-o-phenylene diamine wT as refluxed for 6 h in 100 ml 16% HC1 together with 17.7 g lac Cn H14N20
tone 7. HC1 is evaporated in a rotating evaporator and the residue is dissolved in warm H20. The solution is made alkaline with NH4OH. A tarry product precipi tated and was isolated. Recrystallisation after drying over P2O5 from xylene. Yield <C 1 g of nearly colourless plates, m.p. 172 -179°. c 15h u c in 2 Calc. C 70.7 H 4.7 N 11.0 Cl 13.9, Found C 70.8 H 4.9 N 10.6 Cl 13.7.
2-( a-carboxy-y-hydroxy pentyl) -5-chloro-benzimidazole (10)
14.25 g 4-chloro-o-phenylene diamine was refluxed with 16.7 g a-cyano, y-ethyl-y-butyrolactone in 100 ml 16% HC1 for 6 h. A solid precipitated from the hot solution and was isolated. The product was dissolved in H20 and the solution made alkaline with NH4OH. A redbrown tarry product was precipitated, isolated and dried over P20 5. Boiling with ligroin gave, after cooling down the solution, a brown solid, which after some recrystallisations from ligroin resulted in a few colourless crystals, m.p. 195 -225°. C13H13C1N20 3
Calc. C 55.2 H 5.3 N 9.9 Cl 12.6, Found C 55.5 H 5.0 N 10.0 Cl 12.3. (12) 14.25 g 4-chloro-o-phenylene diamine was refluxed during 6 h in 100 ml 16% HC1 together with 12.2 g y-thiobutyrolactone. The HC1 was evaporated in vacuo and the residue dissolved in some H20. The solution was made alkaline with Na2C03 . A tarry product was then precipitated and extracted with ether. The pro duct, remaining after evaporation of the ether, was re crystallised from benzene. Yield 12.0 g (53%) of white powder, m.p. 137 -140". C10Hu C1N2S
2-(y-mercaptopropyl)-5-chloro-benzimidazole
Calc. C 53.0 H 4.9 N 12.4 Cl 15.7 S 14.2, Found C 53.7 H 5.3 N 12.3 Cl 15.7 S 14.1. 14.25 g 4-chloro-o-phenylene diamine was heated in 40.8 g y-thiobutyrolactone under stirring for 3 h at 140° and consequently for 6 h at 180°. The remaining y-thiobutyrolactone was evaporated in vacuo. The re sulting 20 g of reaction product were recrystallised from ligroin (m.p. 138 -141°, IR-spectrum identical with that of former product).
2-(y-mercaptopropyl)-5-ddoro-benzimidazole (13)

10.8
g o-phenylene diamine was heated under stir ring with 10.2 g y-thiobutyrolactone for 3 h at 140°. Afterwards the temperature was rised to 180" for 2 h. The reaction product was crystallised from benzene yielding 14.5 g (75.5%) of white powder, m.p. 157. Found C 62.8 H 5.9 N 14.3 S 15.9 .
Infrared Spectra
All the spectra of the benzimidazoles without 1-jVsubstituent have typical broad benzimidazole absorp tion between 2600 and 3000 cm-1. The compounds with an -OH group (1, 3, 4, 10) have an additional broad shoulder between 3000 and 3300 cm" 1 (OH valence vibration) and a sharp band at 1050 cm" 1 of the -CH2OH group (CO valence and -OH deformation vibrations). The compounds with an -SH group (12, 13) have an additional shoulder between 2500 and 2000 cm" 1 ( -SH valence vibration).
In the 1-,/V-substituted compounds (2, 5, 6, 9) the broad benzimidazole absorption (2600 -3000 cm-1) is lacking and only some sharp C -H valence frequen ces show up between 2850 and 3050 cm-1.
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